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Abstract
In this letter we have taken a particular Lagrangian, which was introduced
to resolve U(1) problem, as an eective QCD Lagrangian, and have derived
a formula of the quark content of the nucleon spin. The dierence between
quark content of the proton (
p
) and that of the neutron (
n
) is evaluated
by this formula. Neglecting the higher-order isospin corrections, this formula
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1 Introduction
The EMC data [1] taken in conjunction with the Bjorken sum rule [2] imply that the




the spin of the proton. One possible way to explain these surprising results is to take
into account a quantum eect known as the \axial anomaly" of QCD. The anomaly
makes it possible for spin carried by gluons to mix with spin carried by quarks, thus
modifying the structure of the quark sea. Eectively, if the gluon polarization is big,
i.e. if the amaunt of spin carried by the gluon is large and positive, the fraction of
the nucleon spin carried by quarks will appear to be smaller than it really is. Thus
the existence of a large anomaly eect would expain the smallness of the apparent
quark contribution to the proton spin. Six years ago, Cheng and Li [3] suggested






























is the topological current.
From Eq. (1), there seems to be a natural seperation of the current matrix ele-
ment into the quark contribution (the rst term), which is hoped to yield the naive
quark-model result, and the gluon anomaly contribution (the second). However, the
calculated gluon contribution is opposite in sign to what one had expected in the





















































where q = p  p
0























































is the nucleon mass, S

its spin four-vector, and according to denition





















Thus, the calculated gluon distribution is large and positive. However, they ne-















) is neglected in Ref. [5], due to it leads to higher-order isospin cor-
rections. But, according to Ref. [3], the size of the term contribution to 
p
is
about 0.38. Neglecting thus large contribution, obtained results are not satisng.
Second, Kochelev [6] have shown that the the contribution of the 
0
-ghost mixing
to the charge symmetry breaking (CSB) may be signicant, and the value of CSB
is determined by the mass dierence of d- and u-quarks and the ghost-nucleon cou-
pling constant g
QNN
. If we determin the value of CSB in the dierent methods,
then the ghost-nucleon coupling constant g
QNN
can still be obtained. Therefore,









is not always necessary. In this letter we
take aim at solving above two questions. The paper organized as follows. In Section
2, we will start from a particular Lagrangian, and derive a formula of the quark





uated. Neglecting the higher-order corrections, we found it comparable with the
value of Ref. [5]. In Section 4, the value of the ghost-nucleon coupling constant
is obtained by introducing charge symmey beaking in the pion-nucleon coupling.
Finaly, discussions and conclusions are given in Section 5.
2 The eective Lagrangian and a formula of the
quark content in the nucleon spin
The longstanding U(1) problem (including not only  mass problem, but also prob-






decay) can be consistenrly resolved in the follwing eectve
2



















































































are the usual Gell-Mann matrices, F

is the pion decay constant with
input value of F















(S) is the avor
octet (singlet) pseudoscalar eld. The explicit SU
f









































































. The last two terms in Eq. (5) contain an



























in Eq. (5) should be identied with a







































































































































































































































































































,  and 
0
. The
parameter g's are the coupling constants. In the limit q
2




























) is the residue of the ghost pole






























. (Due to 
0
     
0
mixing, instead of one 
0




















.) In the expressions of  and I, the



























This is a formula of the quark content in the nucleon spin. Neglecting the higher-
order isospin corrections, Eq. (13) can reduce to Eq. (24
0
) in Ref. [5]. (For more
details, see Appendix.)
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To calculate the dierence between quark content of the proton (
p
) and that of
the neutron (
n
), we only take amount into terms that carry the plus and minus










































































































































































































































clear that Eq. (14) reduces to the result of Ref. [5], once neglecting higher-order
isospin corrections.
4 Charge symmetry breaking in the pion-nucleon
coupling constant and the value of the ghost-
nucleon coupling constant
Usually one neglects charge symmetry breaking (CSB), since most of popular mech-
anisms provides a very small contribution. Hower, the analysis without this sup-
position [8] leads to a large magnitude of CSB. The Nijmegen group has recently
completed the phase shift analysis of all NN scattering data below E
lab
= 350
MeV. This is continuation of the Nijmegen analysis between 0  30 MeV. Both
5
in the pp and np analysis, a low value for the NN coupling constant was found,

















































= 13:48 is pp
0





















































On the other hand, the contribution of the mixing of the 
0
-meson and the ghost pole
of the U(1) problem to the pion-nucleon coupling constant is obtaind by Kochelev
[6]. It is shown that the value of CSB in these constants is dened by the mass
dierence of d-and u-quark and the value of the ghost-Nuceon coupling constant.


















































































5 Discussions and conclusions
In this letter we have taken a particular Lagrangian as an eective QCD Lagrangian
and have derived a formula of the quark content of the nucleon spin. According to






Now we evaluate the numerical value of  and 
e









= 135 MeV, and the mixing angles











=  0:31 : (21)
The -decay constant is F

= 186:4 MeV, and the 
0






















0:66 for proton ;







= 0:16 : (23)
Frois and Karliner [12] found the fact that in the lowest order of perturbation the-
ory there is agreement between the neutron and proton experiments, but when
higher-order QCD corrections are taken into account, all of the experimental results
converge to the value G
1
(0)  0:30  0:11. Using this result one obtains, from Eq.









0:36 for proton ;
0:20 for neutron :
(24)
Several comments are now in order. First, neglecting the higher-order corrections,




= 0:03. This result is much smaller
than Eq. (23). It implies that higher-order corrections are non-negligible. Second,
another new result of this letter is a detailed calculation of the ghost-necleon coupling















 6:3 as in Ref. [5]. When ghost pole exchange is taken into





































 0 in the large N
c
limit. On the other hand, it is enough
to prove that Eq. (13) can reduce to Eq. (24
0
) in Ref. [5], neglecting the higher-
order isospin corrections. It implies that Eq. (13) possesses more general meaning,
comparing with Eq. (24
0
) in Ref. [5].
To summarize, in this letter we have taken a particular Lagrangian, which was
introduced to resolve U(1) problem, as an eective QCD Lagrangian and have de-
rived a formula of the quark content of the nucleon spin. The dierence between
quark content of the proton (
p
) and that of the neutron (
n
) is evaluated by
this formula. Neglecting higher-order isospin corrections, this formula can reduce to
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Appendix
Neglecting higher-order isospin corrections, Eq. (13) can reduce to Eq. (24
0
) of
Ref. [5]. The proof is as follows.
































































































































































































































































































































































































































































































































Third term of Eq. (13) :
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(See Section 3.)
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